Objective: To assess long-term quality of life in a population-based sample of rectal cancer patients. Summary Background Data: Quality of life in rectal cancer patients who suffer reduced bowel and sexual function is very important. Few studies, however, have long term follow-up data or sufficient sample sizes for reliable comparisons between operation groups. Patients and Methods: A 4-year prospective study of rectal cancer patients' quality of life was assessed by using the European Organization for Research and Treatment of Cancer QLQ-30 and CR38 questionnaires. Results: A total of 329 patients returned questionnaires. Overall, anterior resection patients had better quality of life scores than abdominoperineal extirpation patients. High-anterior resection patients had significantly better scores than both low-anterior resection and abdominoperineal extirpation patients. Low-anterior resection patients, however, overall had a better quality of life than abdominoperineal extirpation patients, especially after 4 years. Abdominoperineal extirpation patients' quality of life scores did not improve over time. Stoma patients had significantly worse quality of life scores than nonstoma patients. Quality of life improved greatly for patients whose stoma was reversed. Conclusions: Anterior resection and nonstoma patients, despite suffering micturition and defecation problems, had better quality of life scores than abdominoperineal extirpation and stoma patients. Comparisons between abdominoperineal extirpation and anterior resection patients should consider the effect of temporary stomas. Improvements in quality of life scores over time may be explained by reversal of temporary stomas or physiologic adaptation.
Objective: To assess long-term quality of life in a population-based sample of rectal cancer patients. Summary Background Data: Quality of life in rectal cancer patients who suffer reduced bowel and sexual function is very important. Few studies, however, have long term follow-up data or sufficient sample sizes for reliable comparisons between operation groups. Patients and Methods: A 4-year prospective study of rectal cancer patients' quality of life was assessed by using the European Organization for Research and Treatment of Cancer QLQ-30 and CR38 questionnaires. Results: A total of 329 patients returned questionnaires. Overall, anterior resection patients had better quality of life scores than abdominoperineal extirpation patients. High-anterior resection patients had significantly better scores than both low-anterior resection and abdominoperineal extirpation patients. Low-anterior resection patients, however, overall had a better quality of life than abdominoperineal extirpation patients, especially after 4 years. Abdominoperineal extirpation patients' quality of life scores did not improve over time. Stoma patients had significantly worse quality of life scores than nonstoma patients. Quality of life improved greatly for patients whose stoma was reversed. Conclusions: Anterior resection and nonstoma patients, despite suffering micturition and defecation problems, had better quality of life scores than abdominoperineal extirpation and stoma patients. Comparisons between abdominoperineal extirpation and anterior resection patients should consider the effect of temporary stomas. Improvements in quality of life scores over time may be explained by reversal of temporary stomas or physiologic adaptation. (Ann Surg 2003; 238: 203-213) C olorectal cancer is one of the most common cancers in Western industrialized countries. 1, 2 In the United States, 135,400 new cases have been estimated for 2001. 3 Mortality rates for colon and rectal cancer, however, have declined in both the United States and Germany. 4 Improvements in treatment and early detection indicate that more patients will live with the consequences of this disease. 5, 6 Rectal cancer surgery, however, is often complicated and can result in bowel and sexual function problems. 7 Therefore, it is important to assess rectal cancer patients' quality of life to determine whether such impairments disrupt everyday life. Changes in operation techniques must also be evaluated for their effect on quality of life. 8 The main factors determining patient quality of life seem to be operation technique, abdominoperineal extirpation (APE) versus anterior resection (AR), tumor location, and the presence of a stoma or not. In general, stoma and APE patients experience poorer quality of life, although there are exceptions. 2,9 -12 Compared with breast cancer, for example, there are relatively few studies that have investigated quality of life in rectal cancer patients. Long-term prospective studies of rectal cancer survivors are sparse. 1 A large proportion of papers report only specific functional status, such as sphincter function, 5, 13, 14 not overall quality of life. A frequent limitation of rectal cancer studies is the small sample sizes. Few studies, therefore, have been able to compare effects such as age and gender. 15, 16 Further, results of comparisons between operation methods should be treated with caution because of low patient numbers.
This study aims to rectify some of the shortfalls of the previous literature by presenting results of a large, 4-year, prospective study of rectal cancer patients' quality of life, as assessed by the European Organization for Research and Treatment of Cancer (EORTC) generic and rectal-specific cancer questionnaires. The issues of time, operation method, and stoma will be addressed.
METHODS
The Munich Cancer Registry records all cancer patients in Munich and the surrounding area, a population of around 2.3 million. In 1996, the government provided funding for a focused field study in rectal cancer patients with a 2-year recruitment period. The Munich Cancer Registry receives all original reports from all co-operating pathologists so that the number of rectal cancer patients in the region is known and complete. All essential clinical details, such as tumor classification, surgery, therapy, disease progression, and life status, were registered from standardized forms. Physicians also completed special questionnaires concerning diagnosis, primary therapy, follow-up, and palliative care. Dose and timing details of adjuvant therapy courses, however, are not routinely recorded. Additionally, original clinical reports were available for reliability checks. At the time of primary treatment during a 2-year recruitment period clinicians requested informed consent from patients to receive a quality of life survey. Questionnaires were then sent from the field study (independent of the clinician) to willing participants at regular intervals over 4 years.
The first part of the patient questionnaire established details of treatment, medicines being taken, and aftercare. These details were cross-referenced with clinical reports. The second part of the questionnaire was the EORTC QLQ-30, a recognized reliable and validated quality of life evaluation tool. [17] [18] [19] Thirty questions combine to make 5 functional scales (physical, emotional, cognitive, social, and role functioning), a global quality of life measure, and symptom assessment, including pain, fatigue, diarrhea, and constipation. The third section of the survey was the EORTC CR38, also a reliable and validated measure specifically for rectal cancer patients. 20, 21 Thirty-eight questions combine to create 8 overall scales, including body image, sexual function and enjoyment, future perspective, and gastrointestinal and micturition problems. Men and women separately answer questions about sexual problems, and stoma patients respond to stoma-specific questions whereas nonstoma patients complete defecation-related questions.
The 68 EORTC questions are designed to be aggregated to create 27 variables for analysis. For ease of interpretation, we grouped them into 4 sections: functioning scores, symptom scores, sexual problems, and other. Patient responses were combined and converted to a 0-100 scale according to guidelines provided by the EORTC. 22 From these guidelines, high functional scores (0-100) represent good function and high symptom (100-0) scores signify more problems. In our study, however, symptom scores have been reversed, as is recommended elsewhere, 9 so that function and symptom scores can be represented and compared together. Thus, high scores in our report represent positive outcomes for all variables. Demographic details were also obtained, including marital status, education, and employment.
The data were considered in 2 ways: cross-sectionally with 4 cohorts at the 4 different time points and longitudinally with those patients who completed questionnaires repeatedly over the 4 time periods. Data were analyzed using SPSS for Windows (Version 10.0, Chicago, IL). Because a number of variables at various time points were skewed, a common phenomenon in quality of life data, 23 nonparametric tests were used throughout, as recommended. 24 Our own analysis and previous studies have shown that patients with disease progression have worse quality of life scores. 25 Patients quality of life scores were only considered, therefore, before disease progression was recorded. Thus, those with metastases at diagnosis were not included.
First, 2 tests were conducted to indicate the clinical and demographic differences between our 3 operation groups: APE, low AR (LAR), and high AR (HAR). LAR was defined as a tumor location below 8 cm and HAR at 8 cm or above. Friedmann tests were used to compare repeated measures over time and Mann-Whitney U or Kruskal-Wallis tests were conducted on the cross-sectional data. Overall quality of life scores were compared over time to establish the representativeness of the cross-sectional sample and to show changes over time. Overall APE, LAR, and HAR scores were first contrasted at each yearly time period. Then, the repeated measures analysis between years 1 and 2 was stratified by the 3 groups (APE, LAR, and HAR). Differences in quality of life between those with and without a stoma were then also examined. Each of the 4-year time points was considered separately so that stoma status, as reported by the patient at that time point, could be considered. Changes in scores for LAR and HAR patients with a reversed stoma, LAR and HAR patients with no stoma, and permanent stoma APE patients were also considered, although not statistically compared because of unequal and small patient numbers. Finally, the effect of radiation therapy and age on quality of life was investigated.
It should be noted that, with so many variables, multiple analyses were conducted, increasing the risk of type I statistical errors. All significance levels have been shown to enable both highly significant (P Ͻ 0.01) and less significant (P Ͻ 0.05) results to be considered. At this stage, insufficient research has been conducted to clearly indicate the most important quality of life variables in rectal cancer, and thus to reduce the number of analyses. This research remains exploratory and in this case adjustments are not recommended. 26 
RESULTS
Of the 1038 patients recorded with rectal cancer between 1996 and 1998, clinicians from 22 clinics received signed informed consent from 443. Participating patients were more likely to be from clinics treating over 25 patients per year (P Ͻ 0.001), less than 70 years of age (P Ͻ 0.001), and men (P Ͻ 0.01). Questionnaires were sent to the 443 patients and 74.3% (n ϭ 329) returned at least 1 questionnaire. Those who did not respond were more likely to be more than 70 years of age (P Ͻ 0.001) and have disease progression (P Ͻ 0.01). Of these patients, 299 were operated by anterior resection or extirpation. The remaining 30 patients received only palliative care or were locally resected. In the first year, 217 patients completed eligible questionnaires and 53 patients were excluded because of disease progression. In year two, 169 patients completed their second ques-tionnaire, 38 their first, and 76 patients were excluded through disease progression. In year three, 103 patients completed their third questionnaire, 20 their second and 10 their first questionnaire, 88 were excluded through disease progression. Finally in year four, 34 patients completed their first questionnaire, 3 their second, 15 their third and 48 patients who completed all 4 questionnaires, 99 were excluded through disease progression. Table 1 presents the key clinical and demographic characteristics of the 3 operation groups APE, LAR, and HAR. Thirty-four patients were not given a UICC classification because they received neoadjuvant therapy to reduce the tumor size before surgery. Some patients were also reluctant to provide demographic details. There was a significant age difference among the groups, with APE patients more likely to be more than 70 years of age. Naturally, all APE patients had a permanent stoma, whereas a higher percentage of LAR patients had a stoma than HAR patients. Table 2 shows the mean scores for all 27 EORTC variables across the 4 years of the study. In the CR38 rectal-specific variables, sexual functioning and enjoyment, future perspective, and weight loss scores were particularly low. Although statistical comparisons can not be made between the defecation and stoma scores (because patients can not complete both these questions at the same time), stoma problems appear to be worse. Likewise, no statistical comparisons can be made between male and female sexual problems. Women, however, seem to report fewer female sexual problems, although notably few women responded to these questions. Table 3 presents the significant results of the analyses of scores over time for those patients who repeatedly completed questionnaires. Generally all scores improved over time, only cognitive function and dyspnea decreased significantly. Three of the 5 functioning scores showed significant improvements over time, 5 symptom scores improved, sexual functioning ameliorated, and both financial worries and future perspective got better. Between those who completed either two, 3 or 4 questionnaires, scores were very similar. The scores also compare closely with the cross sectional scores at each time point, indicating the representativeness of the sample. Figure 1 illustrates the significant differences in scores for patients operated by APE, LAR, or HAR at the 4 yearly time points. Over the 4-year time points, 10 variables were significantly worse for APE patients than AR patients and 3 were significantly worse for LAR patients. At year 2, HAR patients had better physical and role functioning scores than both LAR and APE patients. By year four, HAR patients had higher role functioning scores than LAR patients, likewise, LAR patients had better scores than APE patients. Considering symptom scores, in the first 3 years, LAR patients had significantly worse defecation scores than HAR patients. In year four, APE patients suffered more micturition problems than both LAR and HAR patients. Under sexual problem scores, across all 4 time points, male APE patients reported more male sexual problems than HAR or LAR patients. Likewise, LAR and HAR patients had better sexual functioning scores at years 2 and three. Figure 2 further illustrates the trend for LAR and HAR patients to generally experience better quality of life than APE patients.
Ten of the EORTC scores that had shown improvements in the earlier repeated measures analysis were then compared repeatedly over the first 2 years for each group, APE and LAR and HAR. None of the variables improved significantly for APE patients. Emotional functioning (P Ͻ 0.02) and future perspective (P Ͻ 0.03) improved significantly for LAR patients alone. Body image (P Ͻ 0.02), nausea and vomiting (P Ͻ 0.02), and sexual functioning (P Ͻ 0.02) improved significantly for HAR patients alone. Role functioning (P Ͻ 0.05 and 0.001), defecation problems (P Ͻ 0.007 and 0.001), and weight loss (P Ͻ 0.02 and 0.03) significantly improved for both LAR and HAR patients, respectively. Figure 3 presents the significant differences in quality of life scores for patients with and without a stoma. Over half the stoma patients were APE patients (53.5%), 26.7% were HAR patients and 19.8% LAR patients. In total, over the 4 
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Annals of Surgery • Volume 238, Number 2, August 2003 years, 9 variables were significantly worse for stoma patients. Four of the 5 functioning scores were significantly worse for stoma patients; role, social, physical, and cognitive functioning. Worse symptom scores were reported for micturition problems by stoma patients across 3 time points. Constipation, however, was experienced more by nonstoma patients at year 1 only. Among sexual problems, sexual functioning and male sex problems were consistently worse for stoma patients. Stoma patients also had significantly lower body image scores at 3 time points. Figure 4 demonstrates the improvement in quality of life for those patients who had a stoma at the time of their first year questionnaire which was then reversed by the time of their second year questionnaire. It can be clearly seen that the improvement in role functioning and emotional functioning was much greater for reversed stoma patients than no stoma and permanent stoma groups. At the same time diarrhea problems increased for reversed stoma patients alone.
Finally, sexual functioning was consistently significantly worse for patients more than 70 years of age. In contrast, they had significantly higher emotional functioning in year 2. Radiation therapy patients also had significantly worse quality of life across 16 variables in year one. These differences persisted only for defecation problems.
DISCUSSION
Although the population-based sample of rectal cancer patients in the Munich region was complete, not all patients were approached by clinicians for quality of life data. In terms of operation strategy, the quality of life sample was representative. If it was biased in any way, it was toward younger patients but this would have had little effect on overall quality of life. If progression patients had been included, however, there would have been more patients with poorer quality of life and these patients would also have been more likely to have had APE. Thus, if anything, our report underestimates the differences in quality of life between APE and AR patients. Within the survey, questions relating to sexual problems were sometimes avoided. Low response rates to sexual questions, however, have been observed elsewhere. 9, 20 Although not all patients completed questionnaires at each time point, comparisons between those who completed multiple questionnaires showed similar scores, indicating that our cross sectional comparisons were also representative. Essentially, however, our study is descriptive and cannot establish causality. Further, without multivariate parametric statistics, only possible in nonskewed data, we cannot fully control for confounding variables. Nonetheless, with such large patient numbers stratification has been possible and possible confounders will be discussed.
Compared with responses to the EORTC QLQ-30 from a general German population sample, 27 rectal cancer patients in our study, even after 4 years, had poorer functioning and more problems. The largest differences were in role and social functioning, fatigue, sleep, and diarrhea. Despite having survived the cancer, patients are scarred by their experience. A person never really gets over cancer because the threat of recurrence hangs over the individual and their family for the rest of the person's life. 28 On a more positive note, however, doctors can inform patients that many aspects of quality of life do improve over time, as shown by our repeated measures analyses, especially because there is some evidence that a positive approach from the doctor can reduce symptom burden. 29 In our study, anterior resection patients and those without a stoma, despite suffering diarrhea, constipation, micturition, and defecation problems had better quality of life than APE or stoma patients without anorectal function. A previous study also found no relationship between bowel function and quality of life scores. 30 A study that only measured functioning would, therefore, wrongly conclude that AR and non stoma patients were worse off. This is clearly not the case for overall quality of life, which should also be measured when comparing rectal cancer treatments. Further, differences in diarrhea, constipation and micturition problems in our study were not consistently statistically significant, indicating that they played a minor role.
For both AR and nonstoma patients, across most variables, there was a consistent trend toward better quality of life. In particular, there were significant differences in role, social and physical functioning, and better body image in patients without a stoma. In other words, stoma patients' everyday work and hobby activities were limited (role func-tioning) and their social and family life disrupted (social functioning). They were less able to get about and look after themselves (physical functioning), and they felt less attractive (body image). In addition, scores for stoma problems were worse than those for diarrhea, constipation, micturition, defecation, and gastrointestinal problems. The importance of stoma on quality of life can further be demonstrated by the improvement in scores when a stoma was reversed. Despite an almost 20-point increase in diarrhea, for example, role functioning improved by 20 points. Essentially, quality of life improved to a greater extent for those HAR and LAR patients with a reversed stoma than for those with no stoma or APE patients with a permanent stoma.
In general, our findings for stoma patients reflect previous studies. An earlier large study concluded that stoma patients had worse quality of life. 31 In Camilleri-Brennan and Steele's review, stoma patients had reduced well-being and body image, whereas Sprangers et al, in their review, reported more urinary and sexual problems, greater distress and lower social functioning among stoma patients. 2, 10 Nonstoma patients, however, seemed to report more constipation. 2 In our study, those with a high AR had less frequent or painful bowel movements than those with low AR where sphincter function may be impaired to a greater extent. 7 LAR patients alone reported significantly more diarrhea and constipation than APE patients. This, however, did not lead to LAR patients, overall, having a worse quality of life than APE patients. Moreover, our work indicates that in the long term, APE patients had a worse quality of life. After 4 years, there were many significant differences between APE and LAR patients. Additionally, LAR patients improved their quality of life scores over time where APE patients, unfortunately, did not.
These results are in contrast to a recent study, also using the EORTC QLQ-30 and CR38, which concluded that "patients undergoing low AR have a lower QoL than those undergoing APE." 12 No statistical analysis was reported, however, to this effect; only LAR and HAR were statistically compared in their paper. Some of the differences found may be the result of the smaller patient sample and "precisely defined patient group" reported by Grumann et al. None of the AR patients in their study appeared to have stomas; they had no stoma problem scores, for example. 12 This is in contrast to our sample where 30% of LAR and 15% HAR patients had a stoma postoperation. Other sample differences were also evident. The average age for APE patients was 61.4 and 62.2 years for AR patients. 12 APE and AR patients in our quality of life sample were older (66.4 and 64.0 years, respectively). Other studies, reviewed by Camilleri-Brennan and Steele, reported that APE patients experienced more sexual and urinary problems, whereas LAR patients endured more bowel problems than standard AR patients. 10 Some studies also reported that APE patients experienced poorer quality of life than AR patients but that LAR patients suffered reduced bowel function more than HAR patients. 1, 15, 16 In a review of European studies, however, some papers reported no significant differences between APE and AR. 9 Throughout our study, sexual functioning scores were particularly low. Without healthy population scores for sexual functioning, it is difficult to estimate the magnitude of this finding. Importantly, the survey asked to what extent the patient was interested in sex and sexually active, not what effect did their illness have on their sexual functioning. There were, however, consistently significant differences between APE patients and AR patients. LAR and HAR patients had similar scores. If nerve damage were the principal reason for lower sexual functioning one would expect APE and LAR scores to be worse than HAR scores. This was not the case in our study, suggesting that age was a stronger influence. More APE patients were older and the only consistent significant difference in quality of life between patients more or less than 70 years of age was in their sexual functioning scores, with older patients reporting worse sexual functioning. In our study stomas did not appear to contribute to sexual functioning scores as those with a temporary stoma had better sexual functioning than those with a permanent stoma and their functioning did not increase following stoma reversal. In particular, sexual functioning scores did not improve over time when other important scores, such as role functioning, greatly improved. This suggests that sexual functioning may not affect overall quality of life in rectal cancer patients.
As mentioned above, the only consistently significant age differences in quality of life were sexual functioning scores. There was also a trend, found in other research, 32, 33 that older patients had better psychologic functioning than younger patients. It has been suggested that cancer may have a greater impact on active and other wise healthy younger adults. 34, 35 With this in mind, one might expect the significantly older APE patients to have better quality of life. This was not reflected in our results where APE patients had consistently lower quality of life scores. This indicates that presence of a stoma, not age, may be the influential factor.
Finally, those who received radiation therapy had significantly worse quality of life in the first year. Cessation of radiation therapy may, therefore, have contributed to improvements in quality of life over time and differences in defecation between LAR and HAR patients. Similar percentages of LAR and APE patients received radiation therapy, yet there were significant differences in quality of life between these groups. Further those with a temporary or permanent stoma had similar levels of radiation therapy, yet when stomas were reversed a large improvement in quality of life occurred where stoma patients' quality of life remained stable or deteriorated despite cessation of radiation therapy. Moreover, the effects of radiation therapy were confined to the first year where operation and stoma differences remained into the fourth year. Radiation therapy is delivered according to disease stage and this may have been reflected in the early quality of life scores and did not persist because when disease progression was recorded, quality of life scores were excluded from our analysis.
In conclusion, APE and stoma patients seemed to have a consistently lower quality of life. Nonstoma patients and HAR patients (most likely without a stoma) experienced better functioning and fewer symptoms. LAR patients, however, had higher quality of life scores than APE patients, even after 4 years. Improvements in scores over time were only evident in the LAR and HAR groups; reversal of temporary stomas may have contributed to this effect. The use of temporary stomas should, therefore, be carefully considered; the experience of having a stoma, even if temporary, seems to affect quality of life. The issue of temporary stomas is important and has not been adequately addressed in previous research. Studies comparing APE and AR, where possible, should include a stoma comparison. Those patients who are inconvenienced by a stoma, however, appear to have a better quality of life with regular irrigation. 31 Many patients (60%) in our sample were poorly informed about stoma irrigation techniques. Indeed, patients report fewer symptoms and less anxiety when they feel better informed. 29, 36 Doctors should spend as much time as possible helping patients understand the disease, the prognosis and the implications of different operation methods. Interventions are also required to address poor self esteem, particularly in stoma patients. Thus, quality of life data should be used to improve treatment and care, to assist intervention planning, and to help patients anticipate side-effects. 11 
